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^"Tprinn 

METHOD FOR FREEZING ENGRAFTING rPir c 



Cr Q «.R g frr>ti ff m Rr|ated AppKf,^ 

This application is a contiiiuation.iii.part of pending US 
Application Serial No. 07/513,543, which was filed April 23,1990. 

Technical Fi^ 

The present invention relates generally to methods for freezing cells 
and, more specifically, to methods for freezing engrafting cells. 

15 Baglrymimi] pf the rnv^fifln 

Bone marrow transplantation (BMT) has emerged as the therapy of 
choice for patients with certain oncological or hematological diseases (Kamani 

! trtaSpUnUti0a Prob,eas »* P~Pects.' Me± din. North. 

Amer. «:657-674, 1984). For cancer therapy, the dosage of conventional cytotoxic 
drugs and radiotherapy is limited because of toxidty to bone marrow stem cells 
To overcome this difficulty, patient, have been treated with high dose chemo- or 
radiotherapy followed by allogenic bone marrow transplantation (BMT) as a 
rescue. Although allogenic BMT has markedly improved the survival of patients 
with aplastic anemia, acute leukemia, and severe immunodeficiency, many 
difficulties have limited its clinical application. First, most patients do not have a 
histocomparible sibling donor and the feasibility of such transplantations has 
generally depended on the availability of a suitable donor. Second, the recipients 
should be treated with a (^transplant mmmnosuppression. Third, allogenic BMT 
can be associated with severe complications and morbidity caused by graft vs. host 
30 disease and infection. 

Compared to allogenic BMT, autologous bone marrow 
transplantation (ABMT) has significant advantages. It has been used in 
combination with intensive chemotherapy to treat patients with various solid 
tumors where there is no involvement with bone marrow, including for example 
35 malignant lymphomas, melanomas, and carcinomas of the lung and breast 
ABMT itself does not act directly on tumor cells, but can facilitate intensive 
chemotherapy and radiotherapy by reconstirution of immunological and 
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hematopoietic activities (see Gorin et al. "Chemotherapy and autologous bone 
marrow transplantation in acute leukomas, malignant lymphomas and solid 
tumors," Eur. J. Cancer 77:557-568, 1981). Recently, ABMT has been commonly 
used to treat patients with leukemia, including acute lymphocytic and 
5 noniymphocytic leukemia, and chronic granulocytic leukemia in the blastic phase, 
as well as patients with lymphoma and breast cancer. 

Due to the benefits assodated with cbemotherapeutic or irradiation 
therapies, followed by bone marrow rcconstitution, preservation of marrow has 
received considerable scientific attention. However, in order to obtain the 

10 benefits of ABMT, the marrow must be stored for a period of time to allow 
chemotherapy or radiation treatment of the patient Early work on storing 
marrow showed that storage at room temperature or 4*C led to a rapid loss of the 
engrafting cells. Thus a delay in reinfusion of the marrow of more than several 
days could lead to failure of the marrow to re-engraft in the patient 

15 Complications sufficient to delay reinfosion are common among advanced cancer 
patients, which have made this storage method untenable. Several scientists have 
since shown that whole bane marrow or semi-purified preparations such as buffy 
coats can be frozen, thawed, and rt infused into patients successfully after long 
storage times. 

20 One major difficulty with current methods, however, is that only 

relatively low percentages of the actual cells which engraft or reconstitute the 
bone marrow survive the cryopreservation process. For example, Lemoli et al. 
{Haematdlopca 73:101-104, 1988X collected whole bone marrow and separated 
out a mononuclear fraction. These cells were frozen, but only 50% to 66% of 

25 CFU-GM cells were recovered upon thawing. Figuera et al. (Oyobiology 23:470- 
475, 1986) utilized a controlled rate freezer to freeze marrow buffy coats in 
storage bags, but only recovered about 36% to 43% of the CFU-GM ceils. Visani 
et al., Oybiology 20387-59O (1983), froze marrow buffy coats in a controlled rate 
freezer, and only recovered about 70% of cells following cryopreservation. 

30 In addition, present cryopreservation strategies generally utilize 

large quantities of DMSO in order to protect the cells during freezing and 
thawing. For example, patients receiving semi-purified bone marrow typically also 
receive 10 to 20 ml of DMSO, while patients who are given whole bone marrow 
may receive as much as 150 ml of DMSO. 

35 Administration of large qualities of DMSO may have a toxic effect 

on patients who are already weakened by chemotherapy or irradiation. Patients 
who have been given a large quantity of DMSO, in addition to experiencing 
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unpleasant breath and odor, frequently also experience headaches, nausea, chills, 
dizziness and vomiting. Additionally, there is a risk of more serious problems 
including heart arrhythmias, lesions of the eye, hypertension, renal failure, and 
even death. 

5 Finally, current methods of cryopreserving bone marrow often lead 

to cell aggregates and lysis of red blood cells. These aggregates and the 
hemoglobin released by the lysed red blood cells are implicated in pulmonary 
distress and renal failure, which is occasionally noted in bone marrow recipients. 

The present invention overcomes the toxic effects of DMSO cell 
10 aggregates and lysed red blood cells, and the poor cell recoveries of prior 
oyopreservation methods, and further provides other related advantages. 

Summary nf ft r fnYfflfimi 

Briefly stated, it is an object of the present invention to provide 

15 methods for preparing engrafting cells for future use. More specifically, 
engrafting cells may be prepared and frozen for extended periods of time, and 
later retrieved for therapeutic or research purposes. 

Within one aspect of the invention, a method is provided for 
preparing engrafting cells for future use, comprising the steps of (a) purifying 

20 engrafting cells from a suitable blood product; (b) concentrating the purified 
engrafting cells; (c) resuspending the concentrated cells to a concentration of 
about 10 x 10 6 to 40 x 10 6 cells/ml in a solution that substantially maintains cell 
viability during freezing and thawing; and (d) freezing the resuspended cells under 
a first set of conditions which substantially maintain cell viability. Within a related 

25 aspect of present invention, a method for preparing engrafting cells for future use 
is provided, comprising the steps of (a) purifying engrafting cells from a suitable 
blood product; (b) concentrating the purified engrafting cells; (c) resuspending the 
concentrated cells in a solution that substantially maintainc cell viability during 
freezing and thawing, the solution containing a total of about 0.002 ml to about 1 

30 ml of DMSO; and (d> freezing the resuspended cells under a first set of conditions 
which substantially maintains cell viability. Within one embodiment of the 
present invention, the purified engrafting cells are resuspended to a concentration 
of about 10 x 10 6 to about 40 x 10 6 cells per ml. 

Within one embodiment, the methods noted above further 

35 comprise, subsequent to the step of freezing, thawing the frozen cells under a 
second set of conditions which substantially maintain cell viability. Within a 



WO 93/07745 



PCT/US92/09023 



4 

preferred embodiment, the cells are thawed in a 37°C water bath, and then in a 
subsequent step, slowly diluted with a physiological buffer. 

Within other embodiments of the present invention, the step of 
purifying comprises passing the blood product over an immunoaffinity column 
5 which purifies the engrafting cells, and the step of concentrating comprises 
centrifnging the engrafting cells* 

In other embodiments, the concentrated cells are resuspended in a 
solution winds contains about 6% EES, or a solution that contains a total of about 
0.002 ml to about 1 ml of DMSO, or preferably, in a solution comprising media, 

10 protein, and a penetrating cryoprotectant Particularly preferred media include 
RPMI 1640, TC 199, and Iscoves DMEM. 

Within yet another embodiment, the step of freezing is 
accomplished by freezing the cells at a controlled rate. Within a presently 
preferred embodiment, the step of freezing at a controlled rate is accomplished by 

15 (a) cooling the cells down to about 4*Q (b) cooling down the 4*C cells at a rate of 
about one degree per minute until the cells reach about -4*C; (c) cooling down the 
-4°C cells at a rate of about 05 degrees per minute untfl the cells reach about 
-20*Q (d) cooling down the -2(TC cells at a rate of about L0 degree per minute 
until the cells reach about «40*C; and (e) cooling down the -40°C cells at a rate of 

20 about 10.0 degrees per minute until the cells reach about •90 B G 

Within another aspect of the present invention, a composition is 
provided, comprising (a) a therapeutic dose of engrafting cells produced according 
to the present invention, and (b) an aqueous solution containing a total of about 
0.002 ml to about 1 ml of DMSO. Within one embodiment, a method is provided 

25 for treating immunocompromised patients comprising the step of administering to 
a patient such a composition. Administration may be performed through use of 
either a syringe or a drip bag which contains this composition. 

These and other aspects of the present invention win become 
evident upon reference to the following detailed description and attached 

30 drawings. 

Brief Description of thg Drawipgs 

Figure 1 is a graph which illustrates the freezing of engrafting cells 
at a controlled rate. 

35 Figure 2 is a bar graph which compares the viability, cell recovery, 

and colony-forming cell (CFC) recovery of cryopreserved purified engrafting cells 
with cryopreserved whole bone marrow. 
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Figure 3 is a bar graph which compares the viability, cell recovery 
and CFC recovery of cryopreserved purified engrafting cells which are frozen at' 
different cell concentrations. 

Figure 4 is a bar graph which compares the viabffity, cell recovery 
and CFC recovery of oyopreserved purified engrafting cells in 15% DMSO and 
inlO%DMSO. 
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Detailed IWHfrftffl p f the 

As noted above, the present invention provides methods for 
preparing engrafting cells for future use. Within the context of the present 
invention, the term "engrafting cells' includes totipotent hematopoietic stem cells 
as well as early progenitor cells such as colony-faming cells (CFCs). 
Representative examples of CFCs include CFU-E, CFU-G, CFU-M, CFU-GM, 
CFU-GEMM, and BFU-E cells. Given the fact that generally as many as one- 
third to two-thirds of CD 34 positive cells may be stem cells or colony-forming 
cells, it should be understood that when CD 34 cells are concentrated or purified, 
engrafting cells are similarly concentrated or purified. 

Utffirmg devices and methods which are described in more detail 
below, engrafting cells may be purified from various Wood products, including for 
example, peripheral blood and whole bone marrow. For purposes of the present 
invention, engrafting cells are considered to be "purified" if at least 20% of the 
purified cells are CD 34 positive cells. Preferably, the CD 34 positive cells should 
be purified to greater than 90% purity. In addition, it is desirable to keep the total 
numbers of platelets, granulocytes, and red cells as low as possible in order to 
25 prevent clumping and the release of degradative enzymes which decrease 
engrafting cell recovery and viability. More specifically, it is generally desirable 
that the purified engrafting cells contain less than about 1% platelets, less than 
50% and preferably less than about 25% granulocytes, and less than 10% and 
preferably less than about 1% red cells. 
30 Purification of engrafting cells may be accomplished through use of 

a hgand which specifically recognizes antigens on these cells. For example, 
antibodies which specifically recognize the CD 34 antigens may be utilized in the 
devices and methods described below in order to purify engrafting cells. 
Representative examples of antibodies which specifically recognize the CD 34 
35 antigen include MY-10 and HPCA2, (Be non-Dickinson, Mountain View, Calif.), 
QBEND-10 (Quantum Biosystems, Cambridge, UJL) and 118 (CellPro* Bothell 
Wash.). 
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Various methods and devices may be utilized to purify engrafting 
cells, including the use of magnetic beads, panning; and flow cytometry 
(Fluorescence Activated Cell Sorting TAGS') (fee, far example, U.S. Patent Nos. 
4,714,680 and 4,965,204, hereby incorporated by reference). Particularly preferred 
5 methods and devices are immunoaffimty ^h*™^ such as those which are 
described in U.S. Application Serial No. 07/513,543, entitled Tmmunoselection 
Device and Method" (hereby incorporated by reference in its entirety). Briefly, 
this application describes methods and devices for isolating or separating target 
particles such as engrafting cells, from a mixture of non-target and target particles. 

10 Included within this application is a discussion of devices and methods wherein 
target particles are separated in a direct method by passing the particles through a 
column containing a bed of low nonspecific binding porous material which has a 
ligand capable of specifically binding to the target particles. Within one aspect of 
the application, a device is provided which generally comprises (a) a column 

15 having a proximal end with an inlet port through which fluid may eater the column 
and a distal end with an outlet port through which Quid may exit the column, (b) a 
bed of low nonspecific binding porous material within the column, the porous 
material having a biotm adsorbing group immobilized on the surface thereof 
wherein die pores of the porous material are of a size sufficient to allow the biotm 

20 ads orbing group to enter into the pores, but not so large as to allow collapse of the 
bed, and wherein the interstitial spaces of the bed are of a size sufficient to allow 
the partides to flow through the bed. The device may further comprise a means, 
located within the column, for »git«tin| the porous material upon the application 
of an external force, such that bound target particles are released from the porous 

25 material. Within other aspects of this application the target particles are 
separated by either a one-step or two-step method utilizing avidin and biotm. It 
should also be noted, however, that for purposes of the present invention other 
materials may be utilized within the immiinoaffinity column, including for 
example non-porous materials 

30 A particularly preferred immunoaffinity column is described in 

pending U.S. Application (Attorney's Docket No. 200072.407) entitled Improved 
Apparatus and Method for Cell Separation" (hereby incorporated by reference in 
its entirety). Briefly, within one aspect of this application, a "cell separator" is 
provided including a column assembly for separating target cells from a sample 

35 fluid, the column assembly including a column, a sample fluid supply bag and a 
fluid collection bag wherein the column is provided for receiving the sample fluid 
from the sample fluid supply bag and for separating the target cells from the 
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saxnple fluid and retaining the target cells, and wherein the fluid collection bag is 
provided for receiving the target cells after being released from the column, the 
cell separator comprising an agitation means for agitating the contents of the 
'column to assist in releasing the sample cells retained in the column, the agitation 
means being responsive to a drive signal for varying amounts of Ration of the 
contents of the column to vary the rate at which the sample cells are released, 
column sensor means for providing a column signal indicative of the optical 
density of fluid flowing out of the column and into the fluid collection bag, a 
column valve means responsive to a column valve control signal for selectively 
enabling the fluid coming out of the column to flow into the fluid collection bag, 
and a data processor means for controlling the operation of the cell separator, the 
data processor means being responsive to the column signal for providing' the 
drive signal and the column valve control signal to prevent inadequate 
concentrations of the target cells from being collected. One embodiment of this 
invention is the CEFRATE LC cell separation system which is available from 
CeUPro* (BotbeU, Wash.). 

The purified engrafting cells are then concentrated Various 
methods may be utilized to concentrate the purified cells, including for example 
sedimentation and filtration, although centrifugation is generally preferred. 
Within a preferred embodiment of the invention, the purified engrafting cells are 
concentrated by centrifugation at 150 x g for 10 minutes, and the supernatant is 
discarded. 

The concentrated engrafting cells are then ^suspended in a solution 
that substantially maintains cell viability during freezing and thawing. Within the 
25 context of the present invention, cell viability is "substantially maintained" if 
greater than 80%, and preferably greater than about 90% of the cells remain 
viable after freezing and thawing, a particularly preferred method for 
determining engrafting cell viability is described in greater detail below in 
Example 8. 

Various solutions may be utilized in order to substantially maintain 
cell viability during freezing and thawing. These solutions maintain cell viability 
during freezing and thawing by (1) preventing or reducing the formation of 
intracellular ice crystals, (2) increasing osmotic pressure inside cells so that the 
volume reduction upon freezing is reduced, and (3) stabilizing the cell membrane. 
The basis of the solution may be composed of any physiologically acceptable fluid, 
including for example simple saline or buffered saline (eg., phosphate buffered 
saline or TBS"), or cell culture media. Representative examples of cell culture 
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media suitable for use in the present invention include RPMI 1640, TC 199, or 
Iscoves DMEM (all available from Giboo BRL, Gaitbersburg, Md). 

Tbc solntion shook! additionally contain a penetrating 
ayoprotectant, a membrane stabilizing agent, a protein, or preferably, all three. 
5 Penetrating ayoprotectants such as glycerol, DMSO, and fbnnamide aid in the 
maintenance of cell viability by increasing the osmotic pressure inside the ceils so 
that the volume reduction upon freezing is reduced A particularly preferred 
penetrating ayoprotectant is pharmaceutical grade DMSO which is "Ww^ at a 
final concentration of 4% to 20%, and preferably at a final concentration of 7.5% 

10 to 10%. Use of DMSO at these concentrations (given the cell concentrations 
discussed below) should result in the cells being resuspended in a solution 
containing a total of from about 0.002 ml to about 1 ml of DMSO. As discussed in 
more detail below, this low total dose of DMSO significantly improves the efficacy 
of therapeutically administering engrafting *» n f 

15 Membrane stabilizing agents are believed to aid in the maintenance 

of cell viability by helping to reduce cell damage due to dehydration during 
freezing. Examples of membrane stabilizing agents include hydroxyctbyl starch 
(HESX polyvinyl pyrroKdone (PVP), and glucose. A particularly preferred 
membrane stabilizing agent is low molcqilar weight HES (American Critical 

20 Care, McGaw Park, 01.), which may be utilized in the solution at a final 
concentration ranging from 4% to 9%, and preferably about 6%. 

Proteins, as noted above, are believed to function by reducing cell 
damage due to dehydration during freezing in a manner similar to membrane 
stabilizing agents. Examples of suitable proteins include albumin (animal or 

25 human), hemoglobin, animal serum (&*, HYCLONE* Logan, Utah), and human 
plasma (available from the Puget Sound Blood Center, Seattle, Wash, or from 
other blood ce nt e r s, blood banks, or plasma centers). The protein may be utilized 
at a wide range of con c entra tions, ranging from about 5% to 90% in the solution. 
It should be noted, however, that if a protein solution is utilized along with a 

30 media containing Ca + + or Mg + * ions, it is preferable to include between 5 and 
20 units of heparin per ml, and preferably about 10 units of heparin per ml of the 
solution in order to prevent dotting or coagulation of the cells by protein. A 
particularly preferred protein which is utilized in the present invention is human 
autologous plasma, because it avoids the possibility of contaminating engrafting 
35 cells with foreign viruses (for example, HIV), and overcomes compatibility 
difficulties which might arise if noncompanblc serum was utilized (for example, 
fetal bovine serum). Within a preferred embodiment, autologous plasma is 
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generated by first centrifiiging plasma obtained from a donor at 150 x g in order to 
remove cellular debris. Next, the supernatant is removed and centrifuged at 
10,000 to 15,000 xg in order to remove particulate matter. The supernatant is 
then passed through a 0.8 p filter, and then through a 02 m filter in order to farther 
clarify and sterilize the plasma. Within a preferred embodiment of the invention, 
autologous plasma is utilized at a final concentration of about 10% to 20% of the 
solution. 

Additionally, defined nutrient supplements which have no protein or 
only minimal quantities of protein may also be utilized to reduce cell damage due 
to dehydration during freezing in place of a protein. A particularly preferred 
defined nutrient supplement is Ex Viva 

As noted above, a preferred solution for use within the present 
invention comprises media, protein, and a penetrating cryoprotectant In one 
embodiment, this solution comprises TC 199 media containing about 20% 
15 autologous plasma, and 7 J% DMSO. 

It is also necessary to resuspend the cells in a volume of solution 
such that the viability and recovery of engrafting cells is substantially maintained 
upon freezing and thawing. In particular, if cells are resuspended at a low 
concentration the number of viable cells recovered after freezing greatly 
decreases. On the other hand, if the cells are resuspended at a high concentration 
they may form dumps, thereby limiting the number of recoverable cells. Thus, for 
purposes of the present invention the engrafting cells should be resuspended to a 
concentration of about 1 x 10 6 to 100 x 10* cells/ml, and preferably to a 
concentration of about 10 x 10 6 to about 40 x 10 6 cells /mL 
25 The resuspended cells are then frozen under a first set of conditions 

which substantially maintain cell viability. Briefly, if cells are frozen too rapidly, 
ice nudeation begins the formation of ice crystals which can rupture the cells. 
Alternatively, if cells are frozen too slowly, dehydration of the cell results. 
Therefore, in one embodiment the cells are frozen at a controlled rate. This 
method is particularly preferred for solutions which do not contain HES. Since it 
is often difficult to maintain a controlled rate of freezing near -4°C (at this 
temperature cells give off heat termed the "latent heat of fusion"), a controlled 
rate freezer such as CryoMed*s Model 1010 (CryoMed, New Baltimore, Mich.) 
which provides *burst cooling 1 near -4*C may be utilized. As shown in Figure 1, a 
35 burst of cooling is provided by the freezer at about -4°C in order to ro?imain the 
constant rate of temperature drop in the cell suspension. 
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Within a particularly preferred embodiment, freezing comprises the 
steps of (a) cooling the cells down to about 4*Q (b) cooling down the 4*C cells at a 
rate of about L0 degree per minute until the cells reach about -4*Q (c) cooling 
down the 4°C ceDs at a rate of about 0.5 degrees per minute until the cells reach 
5 about -20°C (d) cooling down the -20 B C cells at a rate of about 1.0 degree per 
minute until the cells reach about -40*Q and (e) cooling down tbe -40*C cells at a 
rate of about 10.0 degrees per minute until tbe ceDs reach about -90*C 

It should also be noted, however, that other conditions may be 
utilized to freeze the engrafting cells. For example, cells which were resuspended 
10 in a solution containing about 6% EES may be frozen by placing than directly 
into an -8S°C freezer. Subsequently, if desired, they may be placed into liquid 
nitrogen. 

The resu spen d e d ceDs may be frozen in any sterile vial suitable for 
storage in liquid nitrogen. Particularly preferred are Cryotubes (Corning Glass 

15 Works, Corning N.Y.). Alternatively, if desired, the engrafting cells may also be 
directly frozen in a syringe. Freezing purified engrafting cells in a syringe is 
particularly advantageous because the same container can be used for both 
freezing and administration to a patient. This limits possible contamination or 
loss of cells and increases tbe speed with which tbe recently thawed cells can be 

20 given to a patient Alternatively, tbe cells may also be frozen in a freezing bag, 
commercially available from Fenwac or Delmed. 

As noted above, subsequent to freezing, tbe cells are thawed under 
a second set of conditions which substantially matmam c^u viability. In a 
preferred embodiment, tbe cells are thawed rapidly, preferably in a 37°C water 

25 bath. 

Once tbe cells have been thawed, they may be diluted in order to 
reduce the concentration of a penetrating ayoprotectant or other excipicnts, and 
also in order to return the cells to their normal state. For example, cells which 
were equilibrated with a solution containing 10% DMSO are at an osmolality of 

30 1800 mosm, while physiological Quids are at an osmolality of 300 mosm. If the 
thawed cells are placed immediately into a physiologic solution, tbe cells would 
quickly absorb water to equalize tbe osmotic pressure. This rapid absorption of 
water results in tbe lysis of many cells. Therefore, slow dilution of the thawed 
cells with a physiological buffer, such as PBS, is particularly preferred because it 

35 allows time for water and dissolved compounds to equilibrate across the cell 
membrane, thereby Hwwtmg the dangerous swelling of tbe cells. A particularly 
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preferred method for reducing the concentration of DMSO is set forth below in 
Example 6. 
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Administration op Puwfied Engrafting rwic 

A patient may be mutunoconmnmnsed for a variety of reasons. 
For example, a patient may be immunocompromised due to inherent genetic 
abnormalities, due to disease, or due to the use of toxic chemicals or irradiation in 
the treatment of cancer. Such a patient may be treated by the adimmstration of a 
composition comprising a therapeutic dose of engrafting cells, and an aqueous 
solution containing a total of about 0.002 ml to about 1 ml of DMSO. Within the 
context of the present invention, a "therapeutic dose" of engrafting cells refers to 
the number of [CD 34 positive] cells necessary to reconstitute a patient's immune 
response. The number of cells required ranges from about 0.1 x 10° eelb/ml/kflo 
If to about 20 x 10 6 cells/ml/kilo, although at least 0.75 x 10 6 cells/ml/kilo (of 
patient weight) is particularly preferred. Thus, for a patient that weighs 100 kilos, 
approximately 75 x 10 6 cells may be aoministered The cells should be transferred 
intravenously from a drip bag, or by direct injection from a syringe. An example 
of this procedure and the resultant benefits is described in more detail below in 
20 Example 11. 

The following examples are offered by way of illustration, and not 
by way of limitation. 



EXAMPLES 

EXAMPIJ1 
Preparation Of An Avidinated Biogel 

A. Cauoxyiation op a Polyac&ylamidb Gel 
Seventeen grains of dry Biogel P-60", (50-100 mesh (wet), coarse 
beads) (BIORAD, Catalog No. 150, 1630, Richmond, Calif.) are added to 15 1 of 
05 M NaHCO3/0J M Na2C03. The pH is adjusted to 10.5 with NaOH and 
carefully stirred with a mixer (RZRl. Carfamo, Wiarton, Ontario, Canada) so as 
not to damage the beads for approximately 20 to 30 minutes. The mixture is then 
placed in a 60°C water bath. After the mixture reached a temperature of 60*C, it 
is incubated for an additional 2 hours (at 60°C) with occasional stirring. The 
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mixture is then removed from the water bath, and placed in an ice bath to bring 
the mixture temperature down to roam temperature. 

The beads are washed several times with distilled or deiomzed 
water, followed by several washings with PBS using a coarse glass filter connected 
5 to a vacuum. The carbasylated gel may be stored in PBS at 4*C, and is stable for 
up to one year if sterilized or stored with a preservative. 

B. AvuxNComra^mopCA»QxyijaB>BioGEL 
PBS is first removed from a measured amount of carboxylated 

10 Biogel by filtering with a coarse glass filter connected to a vacuum. The gel is 
then equilibrated in distilled or 'H^nfrril water for 15 to 30 minutes. 
Equilibration in water causes an expansion of the gel to a volume of about 4 times 
its previously measured amount The gel is resuspended in 10 ml of distilled or 
ririom7ed water for each ml of gel (as originally measured in PBS). 

15 Thirty mg of l^thyl-3^3-dxmethyiaminopropyl) carbodiimide 

(EDC-HC1) (Sigma Chemical Co, Catalog No. E7750, St Louis, Mo.) is added for 
each ml of gel as originally measured. The pH is rapidly adjusted to 5 J by 
dropwise addition of HCL Care is taken to ™«™t»m the pH at 55; pHs of less 
than 5.0 or greater than 6.0 result in significantly less activation of the Biogel The 

20 mixture is stirred for five minutes. 

Avidin (International Enzymes, Inc, Fallbrook, Calif.) is dissolved 
at a concentration of between 10 and 100 mg/ml in deionized water. Next, 1 mg 
of avidin is rapidly added for each ml of gel (as originally measured in PBS). The 
mixture is stirred for LS hours. Next, 2 M glycine is added to give a final 

25 concentration of 02 M glycine in the nurture, and stirred for an additional 1 hour. 

The gel is washed with several volumes of PBS using a coarse glass 
filter and vacuum, and stored in PBS at 4*C The gel is stable for approximately 
one year. 

30 EXAMPLE 2 

Isolation Of Fngrafritig Cells 

A. Pupajunc the Buffy Coat Cells 
A sample of bone marrow is centrifuged at 240 x g for 15 minutes. 
35 The plasma is removed (and is retained for later use), and the remaining buffy 
coat cells are centrifuged once more at 240 x g for 15 minutes in order to remove 
red blood cells. The buffy coat cells are washed twice with RPMI by 
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centrifcgation at 180 x g for 10 minutes. The cells are then resuspended to a final 
concentration of 1 x 10 8 white cells /ml in RPKfl phis 1 % BSA. 

B. Incubation op Bum- Coat rwi« Wrm Anitbooy 
The suspension of buffy coat cells is incubated with a final 
concentration OF 20 jig/ml bicrtinyiated anti-CD 34 antibody (CellPro - , Bothell, 
Wash.) at room temperature for 25 minutes. The anubody-ceU mixture is then 
washed twice with PBS by centrifugation at 180 z g for 10 minutes. The cells are 
then resuspended at a concentration of 1 z 10 8 white cells/ml in PBS. 



C Column Operation and Results 
A CEPRATE LC- (CellPro* Bothell, Wash.) separating system 
was utilized essentially according to the manufacturer's instructions. Briefly, the 
instrument was set up, the tubing connected, reagent's were loaded, and the 
15 process run was begun with the antibody treated cells. The cells were pumped 
through the column, the column was washed with PBS, then the adsorbed cells 
were released via the magnetically driven impeller. The adsorbed cells were 
scmmulatcd in a collection bag. 

20 D. Results 

Ten billion bone marrow cells were passed through the commn; 200 
million of the cells were bound to the column and were recovered in the collection 
bag. Viability of the collected cells was 91% as measured by trypan blue 
exclusion. The collected cells were 75% CD 34 + as measured by FACS analysis. 



EXAMPLE 3 
Concentration of Engrafting Cells 



The collection bag containing purified engrafting cells is gently 
inverted in order to mix the cells. The cells are then transferred into two sterile 
50 ml centrifuge tubes which have been coated with autologous plasma. Thirty 
nulBhten of TC 199 is used to rinse out the cell collection bag. The rinse volume 
is placed into a third 50 ml tube. The bag is then rinsed a second time with 20 ml 
35 of TC 199, which is also added to the third 50 ml tube. The three tubes are 
centrifuged at 150 x g for 10 minutes. 
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EXAMHf,4 
Resuspensian of Engrafting Cells 

Supernatant is removed from the concentrated engrafting cells. 
5 One milliliter of engrafting cell media (TC 199, 40% autologous plasma and 
10 U/ml heparin) is added to each of the two tabes with large pellets, and 
combined into the small pellet rinse tube. This yields approximately 125 mis of 
cell suspension which has a concentration of 50 x 10 s to 100xl0*cells/mL 

TC 199 containing 10 u/ml of heparin is added to the cell 
10 suspension to bring the final volume to 4 J mis. Then, 0.9 ml of autologous plasma 
and 034 ml of DMSO is added 

An equal volume of cryoprotective media (TC 199 with 15% 
DMSO) is added gradually to the cell suspension. Four and a half ml is aliquoted 
into each Cryotube and placed in the "precooled chamber* of a CryoMed 
15 controlled rate freezer. A "dummy* tube with an identical volume of 
cryoprotective media is prepared and placed in the freezer. A thermocouple is 
placed in the tube in order to record the freezing rate in the tube. 

EXAMPLES 

20 Freezing Engrafting Oi ls 

As shown in Figure 1, the engrafting cells are frozen at a controlled 
rate from room temperature to -90*G Briefly, this method is comprised of the 
following steps: (a) coding the cells down to about 4*C (b) cooling down the 4*C 

25 cells at a rate of about L0 degree per minute until the cells reach about -4*C 
(c) cooling down the «4*C cells at a rate of about OS degrees per minute until the 
cells reach about -20*0, (d) cooling down the -20TC cells at a rate of about 1.0 
degree per minute until the cells reach about -40°Q and (e) cooling down the 
-40°C cells at a rate of about IQJ0 degrees per minute until the cells reach about 

30 -90°G As shown in Figure 1, this protocol results in a controlled rate of freezing. 
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EXAMPLE 6 

Thawing Engrafting Q Ujl 

The cryotabe conuining purified engrafting cells is removed from 
5 liquid mtrogen.and placed in* sterile z^lock btf. The bag contaimng the tube is 
placed in a 3TC water bath and agitated. As the last ice crystal dissolves the 
contents are transferred to a 50 ml centrifuge tube. 

Four and one-half mfflfliters of wanned engrafting Cell Dilution 
Media (TC 199 and 10 u/ml heparin) is added slowly (one drop at a time initially) 
10 into the 50 ml tube. Addition of this media should take approximately 2 minutes. 
Following the first dilution subsequent volumes of OJ mis of engrafting Cell 
Dilution Media may be added followed by gentle mixing of the cells, until a final 
volume of 30 ml has been attained. 

Comparison of Cryopreserved Engrafting Cells and Cryopreserved Bone Marrow 

Engrafting cells were purified and cryopreserved as described above 
m Examples 2 through 6. Buffy coats were also prepared from bone marrow and 
20 treated similar to the engrafting cells, except that they were not purified. As 
shown in Figure 2, purified engrafting cells were significantly more viable, and 
significantly more total cells (and CFCs) were recovered than for whole marrow. 

EXAMPT F. « 

25 Determination of CFC Viability and Recovery 

One ml per 35 mm plate of Iscove's MetbylceDulose (Terry Fox 
Laboratories, Vancouver, British Columbia, Canada) supplemented with 2 mM 
L-glutamine 50 mg/mi gentainicm was warmed to 37*C Cells were plated in 

30 triplicate at Mold dilutions to improve the accuracy of the assay. The highest 
number of cells plated was lofyplate except for purified cells which were plated at 
3 x 10 3 and less. The cells were spread evenly over the surface of each plate and 
then incubated in a humidified incubator at 3TC with 5% CC7 in air for 10 to 14 
days. Colonies were counted if they contained more than 50 cells and scored as 

35 CFU-GM, BFU-E, or other (eg., CFU-GEMM). The number of various types of 
colonies were summed to give the total number of colony-forming cells (CFC). 
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EXAMPTP. Q 
Effect of Cell Concentration on Gyopreservation 

Engrafting cells were purified ud oyopreserved as described above 
5 in Examples 2 through 6, except that the cells were frozen at different 
concentrations including: 25, 5, 10, 25, 40, and 50 million cells/mL As shown in 
Figure 3, CFC recovery was the greatest when cells were frozen at a concentration 
ranging from lOx 10 6 to 40z 10 6 ceDs/mL 

10 EXAMPLE 10 

Effect of DMSO on Qyopreservation 

Engrafting cells were purified and eryopreserved as described above 
in Examples 2 through 6, except that the cells were frozen at a final concentration 
15 of 15% and 10% DMSO. As shown in Figure 4, cell viability, recovery, and CFC 
recovery were significantly better when only 15% DMSO was utilized. 

EXAMPLE 11 
Administration of Engrafting Cells 

20 

Four patients with breast cancer bad bone marrow removed by iliac 
crest aspirations. They were subsequently treated by chemotherapy in order to kill 
the tumor. 

Engrafting cells were purified essentially as described above from 
25 the patent's marrow, and administered to the patients. The results of this therapy 
is set forth below in Table I. 

Table! 

30 #CD34+ Daysto Daysto #Units 

Patient Infused Granulocyte Platelet Transfused 
Wt (kg) ( Million/k g) Recovery Recovery Platelets 





59.8 


.98 


25 


24 


13 


35 


84.6 


1.64 


17 


36 


9 




51 


4.32 


13 


16 


3 




57 


1.05 


32 


30 


22 
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Typically, eograftment (the number of days it takes a patient's 
granulocyte counts to rise above 500 cells/Ml) takes approximately 20 to 35 days. 
The above patients which were treated with purified engrafting cells demonstrated 
engraftmeat after only 13 to 32 days. In addition, as noted above, the total volume 
of DMSO which was infused into the patients differs markedly from conventional 
procedures. In particular, only about 0.002 ml to about 1 ml of total DMSO (0 675 
ml) was mfused into each patient Cell aggregates and hemoglobin were not 
detected in the cells to be retnfused Thus, these patients demonstrated none of 
the toxicities which are typically associated with marrow rnnfuson, such as 
nausea, headache, chills, (harness, vomiting, heart anfaytbmia, hypertension, 
pulmonary distress, or renal failure. 

Moreover, patients which receive autologous bone marrow 
transplants often experience delayed platelet recovery and require a substantial 
number of platelet transfusions (on average about 30). The patients who received 
15 the abwe-oescribed therapy, however, required only 12 units of platelets each (on 
average). This reduction in platelet usage decreases the potential of blood-borne 
disease trararmuion, the risk of alloimmunization, and the cost (each unit of 
platelets costs the patient approximately $300). Thus, it can be seen that the 
present invention provides substantial advantages over previously available 
20 cry ©preservation techniques. 

From the foregoing, it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
25 the appended claims. 
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L A method for pre paring engrafting ryl l? for future use comprising: 

(a) purifying engrafting cells from a suitable blood product; 

(b) concentrating the purified *ngraft™g cells; 

(c) resuspending die concentrated cells to a concentration of about 
10 x 10* to 40 x 10* cells/ml in a solution that substantially matnt* mt cell viability 
during freezing and thawing; and 

(d) freezing the resuspended cells under a set of conditions which 
substantially maintainc cell viability. 

2. A method for preparing engrafting cells for future use comprising: 

(a) purifying engrafting cells from a suitable blood product; 

(b) concentrating the purified engrafting cells; 

(c) resuspending the concentrated cells in a solution that substantially 
maintains cell viability during freezing and thawing, said solution containing a total of 
0.002 ml to about 1 ml of DMSO; and 

(d) freezing the resuspended cells under a set of conditions which 
substantially tnamtiim cell viability. 

3. The method of claims 1 or 2, further comprising, subsequent to the 
step of freezing, thawing the frozen cells under a set of conditions which substantially 

Tnamtaim viability. 

4. The method of daim 3 wherein said cells are thawed in a 3TC 

water bath. 

5. The method of daim 3 further comprising, subsequent to the step 
of thawing, diluting the thawed cells slowly with a physiological buffer. 

6. The method of claim 1 wherein the step of purifying comprises 
passing the blood product over an immunoaffinity column which purifies the engrafting 
cells. 

7. The method of claim 1 wherein the step of concentrating 
comprises centrifuging the engrafting cells. 
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8. The method of claim 2 wherein the concentrated engrafting cells 
are resuspended to a concentration of about 10 x 10 6 to about 40 x 10 6 cells per ml 

9. The method of claims l or 2 wherein said solution contains about 

6%HES. 

10. The method of claim 1 wherein said solution contains a total of 
about 0.002 ml to about 1 ml of DMSO. 

11. The method of claims 1 or 2 wherein said solution comprises 
media, protein, and a penetrating cryoprotectant. 

12. The method of claim 11 wherein the media is selected from the 
group consisting of RPNfl 1640, TC 199, and Iscoves DMEM. 

13. The method of claims 1 or 2 wherein the step of freezing 
comprises freezing the cells at a controlled rate. 

14. The method of daim 13 wherein the step of freezing at a 
controlled rate comprises: 

(a) cooling the cells down to about 4* C; 

(b) cooling down the 4*C cells at a rate of about 1.0 degree per minute 
until the cells reach about -4°C; 

(c) cooling down the -4°C cells at a rate of about Oi degrees per 
minute until the cells reach about •20 > C; 

(d) cooling down the -20*C cells at a rate of about 1.0 degree per 
minute until the cells reach about -40°C; and 

(e) cooling down the -40*C cells at a rate of about 10.0 degrees per 
minute until the cells reach about -90*C 

15. A composition comprising: 

(a) a therapeutic dose of engrafting cells; and 

(b) an aqueous solution containing a total of about 0.002 ml to about 
1 ml of DMSO. 



16. A method for treating immunocompromised patients comprising 
aaministering to said patient the composition of 15. 
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A syringe containing the composition of daim IS. 
A drip bag containing the composition of claim 15. 
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